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(54) Thermally actuated micioelectroinechanlcal systems including thermal isolation structures 



(57) Microelectromechanical structures include a 
microelectronic substrate and spaced apart supports on 
the microelectronic substrate. A beam extends between 
the spaced apart supports and expands upon applica- 
tion of heat thereto, to thereby cause displacement of 
the beam between the spaced apart supports. The ap- 
plication of heat to the beam creates a themnal conduc- 
tion path from the beam through the spaced apart sup- 
ports and into the substrate. A thermal isolation struc- 
ture in the heat conduction path reduces themnal con- 
duction from the beam, through the spaced apart sup- 
ports and into the substrate, compared to absence of 



the thermal isolation structure. The themnal isolation 
structure preferably has lower themnal conductivity than 
the beam and the supports. The heat that remains in the 
beam thereby can be increased. The themnal isolation 
structure may Include a thermally insulating stmcture at 
each end of the beam, a themnally insulating structure 
in each spaced apart support, a thermally insulating 
structure In the substrate adjacent each spaced apart 
support, and/or at least one thermally insulating struc- 
ture in the beam. Accordingly, improved themnal efficien- 
cy for microelectromechanical structures may be pro- 
vided, to thereby allow lower power, higher deflection, 
larger force and/or higher speed. 
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Description 

Field of the invention 

[0001] This invention relates to electromechanical 
systenns, and more particularly to microelectromechan- 
leal systems. 

Bacicground of the invention 

[0002] Microelectromechanical systems (MEMS) 
have been developed as altematives to conventional 
electromechantcat devices, such as relays, actuators, 
valves and sensors. MEMS devices are potentially low- 
cost devices, due to the use of microelectronic fabrica- 
tion techniques. Newf unctionality also may be provided, 
because MEMS devices can be much smaller than con- 
ventional electromechanical devices. 
[0003] A major breakthrough in MEMS devices is de- 
scribed in U.S. Patent 5,909,078 entitled Thermal 
Arched Beam Mk:roelectromechanical Actuators to 
Wood et al., the disclosure of which is hereby Incorpo- 
rated herein by reference. Disclosed is a family of ther- 
mal arched beam microelectromechanical abators 
that includes an arched beam which extends between 
spaced apart supports on a microelectronic substrate. 
The arched beam expands upon application of heat 
thereto. Means are provided for applying heat to the 
arched beam to cause further arching of the beam as a 
result of thennal expansion thereof, to thereby cause 
displacement of the arched beam. 
[0004] When used as a microelectromechanical actu- 
ator, thermal expansion of the arched beam can create 
relatively large displacement and relatively large forces 
while consuming reasonable power. A coupler can be 
used to mechanically couple multiple arched beams. 
Themrial arched beams can be used to provide actua- 
tors, relays, sensors, microvalves and other MEMS de- 
vices. Otherthermal arched beam microelectromechan- 
ical devices and associated fabrication methods are de- 
scribed in U.S. Patent 5,994,81 6 (Application Serial No. 
08/936,598) to Dhuler et al. entitled Thermal Arched 
Beam Microelectromechanical Devices and Associated 
Fabrk:ation Methods, the disclosure of which is hereby 
Incorporated herein by reference. 
[0005] Notwithstanding the above-described advanc- 
es, there continues to be a need to further Increase the 
thermal efficiency of MEMS devices. By increasing the 
thential efficiency of MEMS devices, lower power, larger 
deflection , higher forces and/or higher speed operations 
may be provided. 

Summorv of the invention 

[0006] It therefore is an object of the present invention 
to provide improved microelectromechanical structures. 
It is another object of the present invention to provide 
improved thermal arched beam microelectromechani- 



cal devices. 

[0007] It is yet another object of the present invention 
to provide microelectromechanical devices that scan 
have higher thermal effoency. 
5 [0008] It is still another object of the present invention 
to provide thermal arched beam devices that can have 
higher thermal efficiency. 

[0009] These and other objects may be provided, ac- 
cording to the present invention, by microeiectrome- 

10 chanical structures that include a microelectronic sub- 
strate, at least one support on the microelectronic sub- 
strate and a beam that extends from the at least one 
support and that expands upon application of heat 
thereto, to thereby cause displacement of the beam. Ap- 

is plication of heat to the beam also creates a thennal con- 
duction path from the beam, through the at least one 
support and into the substrate. A thermal isolation struc- 
ture in the heat conduction path reduces thermal con- 
duction from the beam through the at least one support 

20 and into the substrate, compared to absence of the ther- 
mal isolation structure. The themial isolation structure 
preferably has lower thermal conductivity than the beam 
and the at least one support. The heat that remains in 
the beam thereby can be increased. Higher thermal ef- 

25 f Iciency may be obtained, to thereby obtain lower power, 
larger deflection, higher force and/or higher speed op- 
eration. 

[0010] Microelectromechanical structures according 
to the present invention preferably comprise a microe- 
30 lectronic substrate and spaced apart supports on the mi- 
croelectronic substrate. A beam extends between the 
spaced apart supports and expands upon application of 
heatthereto, to thereby cause displacement of the beam 
between the spaced apart supports. The application of 
35 heattothebeamcreates athermalconduction pathfrom 
the beam through the spaced apart supports and into 
the substrate. A thennal isolation structure in the heat 
conduction path reduces thermal conduction from the 
beam, through the spaced apart supports and into the 
40 substrate, compared to at)sence of the thermal isolation 
structure. The thennal isolation structure preferably has 
lower thermal conductivity than the beam and the at 
least one support. The heat that remains in the beam 
thereby can be Increased. 
45 [0011] The thennal isolation structure may comprise 
a thermally insulating structure at each end of the beam, 
isetween the beam and the spaced apart supports, to 
thereby themnally isolate the beam from the supports 
and the substrate. Alternatively, or in addition, the ther- 
50 mal isolation structure may comprise a thennally insu- 
lating structure in each spaced apart support, between 
the beam and the substrate, to thereby thennally isolate 
the beam from at least a portion of the supports and from 
the substrate. Alternatively, or in addition, the thermal 
55 isolation structure may comprise a thermally insulating 
structure in the substrate adjacent each spaced apart 
support, to thereby thermally isolate the beam and the 
supports from at least a portion of the substrate. Alter- 
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natively, or in addition, the thermal isolation structure 
can include at least one thermally insulating stmcture in 
the beam, to thermally isolate a portion of the beam from 
remaining portions of the beam, from the supports and 
from the substrate. 

[001 2] The beam may be heated externally by an ex- 
ternal heater, or internally by passing current through 
the beam. When current Is passed through the beam, 
and the thermal isolation structure includes a themially 
insulating structure at each end of the beam, an electri- 
cally conductive structure also may be provided on each 
of the thermally insulating structures, to provide an elec- 
trically conductive path from the beam to the spaced 
apart supports. A thermally insulating structure in each 
spaced apart support may be provided when It Is difficult 
to themnalty Isolate a portion of the beam. For example, 
when the beam comprises metal a silicon nitride tether 
may be provided in each spaced apart support, between 
the metal beam and the substrate. Finally, a thennally 
insulating structure in the substrate may comprise an 
insulator-containing trench, such as an oxide-filled 
trench, in the substrate beneath each spaced apart sup- 
port. 

[0013] In all of the above embodiments, a trench also 
may be provided in the microelectronic substrate be- 
neath the beam, to provide increased spacing between 
the beam and the surface of the substrate beneath the 
beam. The heat that remains in the beam thereby may 
be increased by providing an increased air gap between 
the beam and the substrate, to thereby allow reduced 
thermal conduction and/or convection directly from the 
beam to the substrate through the air gap. 
[0014] Microelectromechanical structures according 
to the present invention preferably are employed with 
themial arched beams as described in the above-cited 
U.S. patents, that comprise an arched beam that is 
arched in a predetemnined direction and that further 
arches in the predetermined direction upon application 
of heat thereto. The predetermined direction preferably 
extends generally parallel to the face of the microelec- 
tronic substrate. A valve plate, coupler, capacitor plate, 
relay contact and/or other structure may be mechanical- 
ly coupled to the thermal arched beam, for example as 
described in the above-cited patents. 
[001 5] One preferred embodiment of microelectrome- 
chanical stmctures according to the present invention 
includes an arched silicon beam that extends between 
spaced apart supports on a microelectronic substrate. 
The arched silicon beam is arched in a predetermined 
direction and further arches in the predetermined direc- 
tion upon application of heat thereto, to thereby cause 
displacement of the arched silicon beam in the prede- 
temDined direction. A silicon dioxide link is provided at 
each end of the arched silicon beam, between the 
arched silicon beam and the spaced apart supports. An 
electrically conductive structure preferably is provided 
on each of the silicon dioxide links, to provide an elec- 
trically conductive path from the arched silicon beam to 
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the spaced apart supports. The silicon dioxide link pref- 
erably is fabricated by themnally oxidizing the ends of 
the arched silicon"beam:~The~eteciricatlyT:ondacth«' 
structure may be provided by forming a metal film on the 

5 sirrcon dioxide link, that electrically connects the arched 
silicon beam to the spaced apart supports. 
[0016] In another preferred embodiment, an arched 
metal beam extends between the spaced apart sup- 
ports. A silicon nitride or other thermally insulating tether 

10 is provided in each spaced apart support, between the 
arched metal beam and the substrate, since it may be 
difficult to provide a thenmally insulating link in the 
arched metal beam Itself. An electrically conductive 
structure may be provided on each of the silicon nitride 

15 tethers, to provide an electrically conductive path from 
the arched metal beam to the spaced apart support The 
electrically conductive structure preferably comprises a 
metal film on the silicon nitride tether that electrically 
connects the arched metal beam to the spaced apart 

20 supports. 

[0017] In another preferred embodiment of the 
present invention, an arched metal beam is provided 
and an insulator-containing trench is provided in the 
substrate beneath each spaced apart support. The in- 

25 sulator-containing trench preferably comprises an ox- 
ide-filled trench in the substrate between each spaced 
apart support. Thus, where it is desirable to provide the 
metal beam and the spaced apart supports as one con- 
tinuous metal structure, an insulator-containing trench 

30 In the substrate beneath each spaced apart support can 
reduce the themnal conduction from the continuous met- 
al beam and spaced apart supports into the substrate, 
to thereby allow increased heat to remain in the beam. 
[0018] The present invention also may be used with 

55 other themnally actuated beams such as cantilever 
beams and/or bimorphs that extend from a support on 
a microelectronic substrate, and that expand upon ap- 
plication of heat thereto, to thereby cause displacement 
of at least part of the beam. A thermal isolation structure 

40 In the thermal conduction path from the beam through 
the support and into the substrate, can Increase the heat 
that remains in the beam. As was described above, ther- 
mally insulating structures may be placed at the end of 
the beam adjacent the support, in the support, in the 

45 substrate and/or in an intermediate portion of the beam. 
Elec^ically conductive links and/or trenches In the sub- 
strate beneath the t>eam also may be provided. Accord- 
ingly, improved thermal effteiency for mteroelectrome- 
chanicat structures may be provided, to thereby allow 

so lower power, larger deflection, higher force emd/or high- 
er speed. 

Brief Description of the Drawings 

55 [0019] Figures 1 A and 2A and Figures 1 B and 2B are 
top views and side cross-sectional views, respectively, 
of thermal arched beam MEMS devices including ther- 
mal conduction paths. 
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[0020] Figures 2A-5A and 2C and Figures 2B-5B and 
2D are top and side cross-sectional views, respectively, 
of embodiments of thermal arched beam MEMS devices 
according to the present Invention. 

Detaiied Description of Preferred Embodiments 

[0021] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may. however, be enrv 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this dis- 
closure will be thorough and complete, and will fully con- 
vey the scope of the invention to those skilled in the art. 
In the drawings, the thickness of layers and regions are 
exaggerated for clarity. Like numbers refer to like ele- 
ments throughout. It will be understood that when an el- 
ement such as a layer, region or substrate is referred to 
as being "on" another element, it can be directly on the 
other element or intervening elements may also be 
present. In contrast, when an element is referred to as 
being "directly on" another element, there are no inter- 
vening elements present. Also, when an element is re- 
ferred to as being "connected" or "coupled" to another 
element, it can be directly connected or coupled to the 
other element or intervening elements may be present. 
In contrast, when an element is referred to as being "di- 
rectly connected" or "directly coupled" to another ele- 
ment there are no intervening elements present. 
[0022] Figures 1 A and 1 B are top and side cross-sec- 
tional views, respectively, that illustrate creation of ther- 
mal conduction paths in thermal arched beam MEMS 
actuators according to the present invention. According 
to the present invention, it has been realized that these 
thermal conduction paths can reduce the thenmal effi- 
ciency of MEMS devices, and thereby increase the pow- 
er and/or decrease the deflection, force and/or speed of 
operation thereof. 

[0023] Refening now to Figures 1 A and 1 B, a themnal 
arched beam MEMS device includes a microelectronic 
substrate 100 and spaced apart supports 102a and 
1 02b on the microelectronic substrate. An arched beam 
110 of width W and length L extends between the 
spaced apart supports 102a and 102b. Multiple beams 
may be provided in all embodiments. The arched beam 
may be fabricated of metal silicon or other material that 
has a positive coefficient of themial expansion, so that 
it expands upon application of heat thereto. As shown 
in Figure 1 A, the arched beam is arched in a direction 
104 that preferably extends parallel to the microelec- 
tronic substrate 100. Thus, upon application of heat 
thereto, further displacement of the beam 110 between 
the spaced apart supports 102a and 102b in the direc- 
tion 104 is produced. Heat may be applied by passing 
a current I through the beam 110 and/or by means of an 
extemal heater 124. The heater 124 may be adjacent 



the substrate 1 00 as shown in Figures 1 A and 1 B or may 
be a floating heater 124* that is spaced apart from the 
substrate 124 and anchoredtherenrby treater anchors 
126. The design and operation of thermal arched beams 

5 are described in the above-cited U.S. patents and need 
not be described in detail herein. 
[0024] As shown In Figures IB and ID. two thermal 
paths are created upon applicatton of heat to the beam. 
A first themial conduction path Qa extends from the 

10 beam 110 through the spaced apart supports 1 02a and 
102b and into the substrate 100. In Figure 1 B. a second 
thermal convection path Qb extends from the beam 110 
through the air gap between the beam 110 and the sub- 
strate 100 and into the substrate 100. In Figure 1 D. the 

IS second themnal conduction path Qb extends from the 
heater 124' and into the substrate 100 and from the 
beam 110 Into the substrate. These thermal paths can 
increase the power that is used to power the actuator, 
and/or reduce the deflection, force and/or speed of op- 

20 eration thereof. 

[0025] According to the invention at least one thermal 
isolation structure is provided in the first thermal con- 
duction path Qa, that reduces thermal conduction from 
the beam 110, through the spaced apart supports 1 02a 

25 and 102b and into the substrate 100, and thereby can 
increase the heat that remains in the beam 110. In ad- 
dition or alternatively, at least one thermal isolation 
structure may be provided in the second thenmal con- 
vection path Qb that reduces thermal conduction from 

30 the beam through the air gap between the beam 110 
and the substrate 100 and into the substrate. The ther- 
mal isolation structure preferably has lower thenmal con- 
ductivity than the beam 110 and the spaced apart sup- 
ports 102a and 102b. 

35 [0026] In general, most of the heat may be lost 
through the supports 102a and 102b in the first thenmal 
conductive path Qa compared to through the second 
thermal convection path Qb. In other words. Qa gener- 
ally is greater than Qb for geometries that generally are 

40 used. Moreover, the thermal arched beams may be fab- 
ricated of nickel, silicon and/or other materials with high 
thermal expansion coefficient. They also may have high 
thermal conductivity. Thus, Increasing the beam length 
L may improve the themnal efficiency somewhat. 

45 [0027] Figures 2A and 2B are top and side cross-sec- 
tional views of first embodiments of MEMS structures 
according to the present invention. As shown in Figures 
2A and 2B, a thenmally insulating stmcture, such as ther- 
mal isolation links 200a and 200b, is included at each 
50 end of the beam 1 1 0'. The thermal isolation links 200a, 
200b reduce thermal conduction from the beam 110* 
through the spaced apart supports 102a, 102b and into 
the substrate llOa, to thereby allow increased heat to 
remain in the beam. The thermal isolation links 200a and 
55 200b preferably have lower thermal conductivity than 
the beam 110' and the spaced apart supports 1 02a and 
102b. 

[0028] In a preferred ennbodiment, the thennal arched 
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beam 110' comprises silicon and the themnal isolation 
links 200a and bmay be fabricated by themially oxidiz- 
ing end portions of the beam 1 1 0*. to thereby create sil- 
icon dioxide links at each end of the arched silicon 
beam, between the arched silicon beam and the spaced 
apart supports. Thermal oxidation may be obtained by 
masking the beam to expose the ends thereof « and then 
thermally oxidizing using conventional techniques. It will 
be understood, however, that the thermal isolation links 
2008 and 200b may comprise other materials that pro- 
vide thermal isolation between the beam 110' and the 
spaced apart support 102a and 102b. 
[0029] The thermal conductivity of silicon dioxide is 
approximately 1 .4W/m'*K and is much smaller than the 
thermal conductivity of silicon (150W/m*K). Thus, by 
providing sticon dioxide themnal isolation links 200a, 
200b of length and a silicon beam 110' of length L, 
a ihc^nvit cquiva cn- to a silicon beam of length L+Lq 
(ISO ^ 4t L • ic/ L^. niny be provided. Accordingly, irrv 
piirvi'j i«^*.«!H.ri r-iH^ tx: provided. 
[0030] Ki m^s ced above, in some embodi- 
ments t tH > !^.'^le to heat the beam 110 by 
pfisitr*-; ». c^""^* ' ^* c'cthrough. In this case, it may be 
dcst' it^w- \i p*?v» x ctcctrically conductive structure, 
suchai :o'- JuL t *c H^M. 210a and 210b, on the respec- 
tive i-^c"^ I*' i^^g 200a and 200b, to thereby 
elecific*-: / fo-^-^i-- t*.4 Doam 110* with the supports 
102a nn"! r Tfi*- e-''.*%i.»*!ve structures 210a and 210b 
may be pfr>rf.'>'-! ^ ^niMal film on the thermal isolation 
links 200a. 200to Ar^jugh the conductive links are 
shown hbovc inc bcn^ other locations may be used 
The conductrvc u-^Ki 210a and 210b may increase the 
thermal conduction n inc thermal conduction path Qa 
somewhat Howcvc smce the conductive structures 
may be prcvioeo by tnn metal films, minimal increase 
in the thermal condition path Qa may be obtained. 
[0031 ] It will be understood that portions of the beam 
110' and supports 102a. 102b also may be metallized 
and that one cDntmudus metallization layer may stretch 
from the supports onto the themnal isolation links 200a' 
and the beam 110*. Accordingly, as shown in Figure 2B, 
a current i may pass through the beam 110' from the 
supports 102a and 102b, notwithstanding the presence 
of the thenmal iscating links 200a, 200b. Thus, thermal 
conduction in path Qa may be reduced. It also will be 
understood that if trc beam 110' carries an electrical 
signal, the electrically conductive structure may be pro- 
vided, even though indirect heating may be employed. 
[0032] Still referring to Figures 2A and 2B, an optional 
trench 220 may be formed in the substrate 100 beneath 
the beam 110', to provide increased spacing between 
the beam 110* and the surface of the substrate 100 be- 
neath the beam. The thermal convection in path Qb 
thereby may be reduced, to thereby allow increased 
heat to remain in the beam. The trench 220 may be used 
in a self-heated beam, wherein a current i is passed 
through the beam. It also may be used in an embodi- 
ment where the beam is heated indirectly by a heater 



124' that is spaced apart from the substrate 100 as 
shown in Figures 2C and 2D. It will be understood that 
the trench 220 mayt>e usedlnilependenrDflhe therrnal' 
isolation links 200a and 200b. 

5 [0033] It also will be understood that the thermal iso- 
lation links 200a, 200b need not be provided at the ends 
of the beam 1 1 0*. Thus, as shown in Figures 3A and 3B. 
thermal isolation links 300a and 300b may be provided 
at intermediate portions of the beam 110, to isolate at 

10 least a first portion of the beam from remaining portions 
of the beam. The thermal isolation links 300a and 300b 
preferably have lower thermal conductivity than the 
beam 110* and the spaced apart supports 102a and 
102b. An electrically conductive structure 310a, 310b 

IS also may be provided to allow a current to pass across 
the themnal isolation links 300a, 300b. Indirect heating 
also may be provided. 

[0034] Rgures 4A and 48 illustrate other embodi- 
ments of the present invention. As shown in Figures 4A 

20 and 48. themnally insulating structures 400a and 400b 
are provided in each spaced apart support, to thermally 
isolate the beam 110 from at least a portk>n of the sup- 
ports 102a' and 102b' and from the substrate 100. 
These embodiments preferably may be utilized when 

25 the beam 110 comprises nickel or other metal that is not 
readily oxidized in contrast with silicon. Accordingly, 
thermally insulating structures 400a and 400b may be 
provided in the respective spaced apart supports 102a' 
and 102b'. For example, silicon nitride tethers may be 

30 provided. In this regard, the thermally insulating tethers 
400a and 400b in the spaced apart supports 102a* and 
102b' also may be located on the surface of the spaced 
apart supports 102a', 102b', between the supports 
102a', 102b' and the beam 110. The themnal insulating 

35 structures 400a and 400b preferably have iowerthermal 
conductivity than the beam 100 and the spaced apart 
support 102a and 102b'. When the beam 110 is directly 
heated by passing a current therethrough, an electrically 
conductive structure 410a and 410b may be provided 

40 across the respective themnally insulating structure 
400a and 400b to allow current to pass from the support 
102a, 102b to the beam 110. Also, when direct heating 
is provided by passing current through beam 110, a 
trench 220 may be provided in the substrate 11 0, as was 

45 described above. When indirect heating is provided for 
the beam 110, electrically conductive structures 410a 
and 410b may be eliminated, but the trench 220 may be 
provided. 

[0035] Figures 5A and 58 are top and side cross-sec- 
50 tional views of yet other embodiments of the present in- 
vention. As shown in Figures 5A and 5B, a monolithic 
structure 540, such as a monolithic nickel structure, may 
provide the beam 110", the spaced apart supports 
102a" and 102b" and conductive connectors 530a and 
55 530b for the microelectromechantcal structure. When a 
monolithic structure 540 is provided, it may be difficult 
to provide thermally isolating links within the beam or 
between the beam and the supports. Accordingly, as 
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shown in Figures 5A and 5B, a thermally insulating 
structure 500a and 500b is included in the substrate 1 00 
adjacent each respectively spaced apart support 102a* 
and 102b", to thereby thermally isolate the beam 110* 
and the supports 102a" and 102b" from at least a por- 
tion of the substrate 1 00. The thennal Insulating struc- 
tures 500a and 500b preferably have lower thermal con- 
ductivity than the beam 110" and the spaced apart sup- 
ports 102a" and 102b". In a prefen-ed embodiment, the 
themnally insulating structures 500a, 500b in the sub- 
strate comprise a thermal Insulator-containing trench in 
the substrate beneath each spaced apart support. More 
preferably, thethemial insulator-containing trench conrv 
prises a silicon dioxide-filled trench in the substrate be- 
neath each spaced apart support. The trench may be 
about 20\jjr\ deep. Thermal efficiency of directly or indi- 
rectly heated beams thereby may be increased. When 
direct heating is used, a trench 220 also may be provid- 
ed in the substrate 100 as was already described. The 
thermally isolating links, conductive structures and sili- 
con dioxide-filled trenches may be fabricated using con- 
ventional MEMS fabrication processes. 
[0036] It will be understood by those having skill in the 
art that the thcnnal isolation structures of Figures 2A- 
2B, 3A-3B, 4A-4B and 5A-5B may be used in combina- 
tion, to provide enhanced thermal isolation In various 
MEMS structures. Subcombinations of these thermal 
isolation structures also may be used. For example, Fig- 
ures 2A-2B and 5A-5B may be combined to provide a 
themnal Insulating link at each end of an arched beam 
and an insulator-containing trench in the substrate be- 
neath each spaced apart support. The beam may com- 
prise high themial expansion material, such as nickel, 
silicon, gold, other materials and combinations of mate- 
rials. The thermally isolating link may comprise silicon 
dioxide, silicon nitride, organic dielectrics, other materi- 
als and combinations thereof. The thermal isolation 
trench may comprise silicon dioxide, silicon nitride, or- 
ganic dielectrics, other materials and combinations 
thereof. For direct heating with an isolated support and 
beam, it may be preferred for the beam to include a high 
resistivity material. A thin metal film can be formed on 
the themnal isolating link tor electrical connection, as 
was described above. 

[0037] Thennal isolation structures according to the 
present invention may be integrated Into existing MEMS 
fabrication processes, such as the well known LIGAand 
MUMPS fabrication processes. Moreover thennal iso- 
lation structures according to the present invention may 
be used for themnal beams that are not arched and also 
may be used for cantilever beams such as bimorph 
beams, that are supported at a single end thereof. Stat- 
ed differently, one of the supports of Figures 2A-SB may 
be eliminated. As is well known to those having skill in 
the art, in any of these embodiments, the beam may be 
coupled to a valve plate, capacitor plate, mirror, relay 
contact, coupler and/or other structure, such as was de- 
scribed in the above-cited U.S. patents. Moreover, mul- 



tiple beams may be coupled together to provide in- 
creased force and/or increased efficiency. Thermal iso- 
lation structures according to The present invention 
thereby can provide higher thermal efficiency mk:roelec- 
5 tromechanical structures, to thereby allow reduced pow- 
er, larger defle^on, higherforce and/or higher speed of 
operation. 

[0038] In the drawings and specification, there have 
been disclosed typical preferred embodiments of the in- 
10 vention and, although specific ternis are employed, they 
are used in a generic and descriptive sense only and 
not for purposes of limitation, the scope of the invention 
being set forth in the following claims. 

15 

Claims 

1 . A microelectromechanical structure comprising: 

20 a microelectronic substrate (1 00); 

a support (102a) on the microelectronic sut>- 
strate; and 

a beam (1 1 0) that extends from the support and 
that expands upon application of heat thereto 

25 to thereby cause displacement of at least part 

of the beam, the application of heat to the beam 
creating a themnal conduction path (Qa) from 
the beam, through the support and into the sub- 
strate; characterized by: 

30 a thermal isolation structure in the themnal con- 

duction path that reduces themnal conduction 
from the beam, through the support and into the 
substrate. 

35 2. A microelectromechanical structure according to 
Claim 1 wherein the themnal isolation structure 
comprises athennally insulating structure (200a) at 
the end of the beam adjacent the support, to thereby 
themnally isolate the beam from the support and the 
substrate. 
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3. A microelectromechanical structure according to 
Claims 1 or2 wherein the thennal isolation structure 
comprises a themnally insulating structure (4Q0a) in 
the support, between the beam and the substrate, 
to thereby themially Isolate the beam from at least 
a portton of the support and from the substrate. 

4. A microelectromechanical structure according to 
Claims 1 , 2 or 3 wherein the themnal isolation struc- 
ture comprises a themnally insulating structure 
(500a) in the substrate adjacent the support, to 
thereby thermally isolate the beam and the support 
from at least a portion of the substrate. 

5. A microetectromechanbal structure according to 
any of Claims 1-4 wherein the themnal isolation 
structure comprises at least one themnally insulat- 
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ing structure (300a) in the beam, to thereby ther- 
mally isolate a portion of the beam from remaining 
portions of the beam, from the support and from the 
substrate. 

5 

6. A micmelectromechanical structure according to 
any of Claims 1-5 wherein the thermal isolation 
structure has lower thermal conductivity than the 
beam and the support. 

10 

7. A microeiectromechanical structure according to 
Claims 2. 3 or 5 further comprising: 

an electrically conductive structure (210a, 
31 Oa, 41 Oa) on the thermally insulating structure to 
provide an electrically conductive path from the '5 
beam to the support. 

8. A microeiectromechanical structure according to 
any of Claims 1 -7 further comprising: 

a trench (220) in the microelectronic substrate 20 
beneath the beam to increase spacing between the 
beam and the surface of the substrate beneath the 
beam. 



9. A microeiectromechanical structure according to 
any of Claims 1-8 further comprising at least one of 
a valve plate, a coupler, a relay contact and a ca- 
pacitor plate that is mechanically coupled to the 
beam, opposite the support. 

30 

10. A microeiectromechanical structure according to 
any of Claims 1-9: 

wherein the support is a first support (102a) 
on the microelectronic substrate, the microeiectro- 
mechanical structure further comprising a second 35 
support (1 02b) on the microelectronic substrate that 
is spaced apart from the first support, the beam ex- 
tending between the first and second spaced apart 
supports, the application of heat to the beam creat- 
ing a thermal conduction path from the beam, 40 
through the first and second spaced apart supports 
and into the substrate: 

wherein the thermal Isolation structure in the 
themnal conduction path reduces thermal conduc- 
tion from the beam, through the first and second 
spaced apart supports and into the substrate. 
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FIG. 1A. 
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FIG. 2A. 
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FIG. 2C. 



210a 



102a 





I 



210b 



200a 



] 



200b/ 




220 ^124' 




102b 



100 



FIG. 2D. 



11 



a.. — ■ 

EP 1 098 121 A2 




FIG. 3A. 
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FIG. 4A. 
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